INTRODUCTION
============

In 1912, a standard pancreaticoduodenectomy was first introduced as a surgical treatment of periampullary cancer by Kausch and colleagues. Since then, the pylorus-preserving pancreaticoduodenectomy (PPPD) has been introduced and used as a universal surgical technique in many medical centers.[@B1][@B2] With development of surgical techniques and improvement of perioperative patient management, the mortality rate after PPPD is reported as less than 1-5%, although the proportion varies depending on the center. However, the risk of developing serious complications, such as delayed gastric emptying (DGE), anastomotic leakage, and postoperative hemorrhage remains high, at approximately 30-65%.[@B3][@B4] DGE after surgery refers to the condition that stomach cannot properly take food due to the symptoms of early satiety, nausea, and vomiting following upper gastrointestinal surgery without the mechanical obstruction of anastomosis or distal intestine. Postoperative DGE is not fatal, but often results in prolonging the length of patient stay in hospital, increasing their medical expenses, and further lowering their quality of life. Each researcher reported different results on the incidence of DGE after pylorus preserving pancreaticoduodenectomy, but the average was around 12-14%.[@B5][@B6][@B7] Researchers suggested diverse causes on DGE and tried to find out the true causes, but many issues need to be sorted out. Therefore, this review is intended to offer clinical help by summarizing and explored the medical literature on the treatment and prevention of delayed gastric emptying after pancreaticoduodenectomy, including PPPD.

DEFINITION
==========

The definition of DGE may differ according to the researchers, so it is difficult to simply compare the risk of postoperative complications and the assessment of treatment. Definitions proposed by the studies of Yeo and colleagues[@B8] and van Berge Henegouwen and colleagues[@B5] were most often adopted by many other literatures, but currently consensus definition proposed by the International Study Group of Pancreatic Surgery (ISGPS) in 2007 seems to be frequently quoted.[@B9] According to this, delayed gastric emptying is divided into 3 grades (A, B and C) based on nasogastric intubation, type of diet patient is able to intake, and patient\'s general health condition, whether to use a prokinetic drug, and the need for further diagnostic tests. Grade A indicates the condition that the nasogastric intubation is removed within 7 days, dietary intake is possible, and self-limiting recovery is achieved without medications or surgical intervention. On the other hand, Grade B or C is the condition that medication or dietary control is required ([Table 1](#T1){ref-type="table"}).

DIAGNOSIS OF DELAYED GASTRIC EMPTYING AFTER SURGERY
===================================================

The first step in diagnostic evaluation is to see whether mechanical obstruction that may cause DGE is evident through an upper gastrointestinal series or by endoscope. The diagnostic methods listed below can be used to diagnose DGE.

Gastric-emptying scintigraphy
-----------------------------

This is the gold standard for measuring gastric motility; diagnoses are made by measuring the quantity of remaining radioisotope in stomach at the specific time intervals after instructing patients take low-fat solid food (scrambled egg meal) labeled with its radioisotope (Tc-99m). In general, the diagnosis is made at 4 hours after food is first taken - when 10% of it remains in stomach. However, the results may differ dependent upon the type of food, the posture of a patient, and the time of measurement; therefore, testing should occur according to a standardized protocol and keeping other factors in mind that might affect the results, such as smoking behavior, medicine administration, and an increase in blood sugar.[@B10][@B11]

Wireless capsule motility (Smart Pill Gastrointestinal Monitoring System; Smart Pill Corporation, Buffalo, NY)
--------------------------------------------------------------------------------------------------------------

This is a diagnostic method developed for the purpose of diagnosing patients with DGE and chronic constipation, and was approved by the US Food and Drug Administration (FDA) in 2006. Patients are instructed to swallow a capsule that has a sensor embedded, and is approximately the size of a pill measuring 1.3 cm by 2.6 cm. In turn a sensor was embedded in the capsule, which senses a change in pH, pressure, and temperature, within their stomach. Data recorded by the capsule, which is discharged 1-2 days later, are analyzed by computer and used for diagnosis.[@B12] The diagnostic accuracy of this method is similar to that of gastric-emptying scintigraphy (GES).[@B13]

Antroduodenal manometry
-----------------------

Antroduodenal mobility is measured by recording the change in temperature within the stomach before and after the meal. A transducer containing a pressure sensor is placed at a specific site in the stomach by using radiographic fluoroscopy or an endoscope, and is recorded if the antral, pyloric, and duodenal pressures are balanced. If DGE is present, the antral, pyloric, and duodenal pressure waves lead to disturbance in their relationship, and there is a lower antral mobility index.[@B14] This method in particular, helps diagnose systemic sclerosis and diabetic gastric malfunction.[@B10]

Breath test
-----------

The breath test is a non-invasive examination and an indirect examination equivalent to gastric-emptying scintigraphy in terms of reliability. This method measures the amount of CO~2~ that is released from the lungs in the form of ^13^C-CO~2~ metabolized in the small intestine after the intake of a commercialized solid food (ex. muffin) that is combined with ^13^C-labeled octanoic acid.[@B15] The strength of breath testing is that unlike gastric-emptying scintigraphy, there is no risk of being exposed to radiation. However, the disadvantage of this method is not applicable to patients with liver cirrhosis, who are not able to metabolize octanoate into CO~2~.[@B16]

Other imaging studies
---------------------

Both 2D- and 3D- ultrasonography are simple and non-invasive methods to assess structural and functional gastric motility. During fasting or after a meal, further expansion of the gastric antrum can be observed, and this is the time to diagnose.[@B17] The recent development of magnetic resonance (MR) image technology provides higher image resolution, allowing measure gastric emptying, gastroduodenal motility, and gastric secretion all together. However, the cost of these imaging techniques is very high, and it requires a specialist in MR image interpretation and is mostly used in laboratories rather than clinical environments due to the absence of a standardized test method to be commonly adopted by all medical institutions.[@B18]

PROPOSED CAUSES OF DELAYED GASTRIC EMPTYING AFTER SURGERY
=========================================================

DGE is a complex process caused by a disorder and incoordination in any one of various factors in charge of gastric motility, such as smooth muscle cells (myogenic), enteric neurons (hormonal), and the autonomic nervous system (neural). DGE often occurs after operative maneuvers that cause the loss of organs responsible for gastric motility and emptying or kinetic muscular or neuromuscular ischemia. A variety of clinical conditions - for instance diabetes, virus infection, medication, and scleroderma - can be factors that induce DGE.[@B19]

The etiologic mechanism of DGE after PPPD remains poorly understood, but can be summarized as follows. First, DGE occurs because the receptor for motilin (a hormone that stimulates the migratory motor complex \[MMC\]) plays a major role in gastric emptying movement during fasting and is removed by surgery. Second, it emerges because excessive contraction of the pyloric sphincter or antrum asthenia that occurs after the vagus nerve is removed or damaged during the dissection. Third, it is because ischemic damage is done as gastric antral or pyloric bloodstreams are blocked. Furthermore, both gastroduodenal dysrhythmia following infection after anastomotic leakage and torsion or angulation of the reconstructed intestinal loops after radical surgery are suggested as being the causes of DGE.

It was believed that DGE occurs as a result of reduced stimulation of a motilin-like hormonal receptor,[@B20][@B21][@B22] the gastric antrum was removed, and antroduodenal movement was lost after the removal of duodenum following the standard pancreaticoduodenectomy. More recent, PPPD has become generalized and the results of studies on the adoption of this method have reported a higher incidence of DGE than occurs following standard pancreaticoduodenectomy. It has been estimated that DGE occurred because the remaining gastric antrum and pylorus were damaged during the surgery.[@B23] However, the recent meta-analysis of the clinical impact of pancreaticoduodenectomy and PPPD have concluded that there was no statistically significant difference in the incidence of DGE between these two surgical techniques.[@B24]

The surgical methods of pancreaticojejunostomy, which is a pancreaticojejunal anastomosis and pancreaticogastrostomy, are likely to influence the phenomenon of DGE, and the past two randomized controlled trials (RCTs) have shown no difference in the incidence of DGE.[@B25][@B26] Recently, two RCT reports have been published that PPPD with pancreaticogastrostomy lowers the incidence of DGE. These studies have suggested that the postsurgical perianatomic space following pancreaticogastrostomy is relatively smaller compared with pancreaticojejunostomy, so the risk of developing infectious complications, which causes DGE such as fluid collection by leakage, is reduced.[@B27][@B28]

There was the some RCTs concluded that antecolic duodenojejunostomy prevented DGE about ten times greater than retrocolic duodenojejunostomy,[@B29] and it supposed to be the anastomosis was kept in more vertical posture, generating less temporal torsion, angulation or compression.[@B30] And another potential reason suggested was because the antecolic anastomosis was located relatively farther away from intraperitoneal inflammation such as leakage or abscess following pancreaticojejunostomy than retrocolic anastomosis.[@B31] Few prospective studies have been carried out so far, so the results remain to be seen.

The relationship between DGE and the incidence of complications following PPPD was reported, and it was because the secondary intraperitoneal inflammation facilitated fibrotic process in antrum and duodenum and triggered dysrhythmia by the gastroduodenal emptying movement;[@B5][@B32] 30-65% of patients with complications from this method were related to DGE, although the percentage varies from researcher to researcher.[@B33] Up to this point, there has been no well-established level 1 study on this subject. Studies have been reported that DGE was affected by a conduction defect that was caused by damage to the vagus nerves around the pylorus ring or the lesser curvature after the dissection of gastroduodenal lymphatic tissues during radical surgery,[@B34] and that the incidence of DGE was lowered if preventive pyloromyotomy was performed after PPPD on the assumption that the branches of vagus nerves damaged during the surgery would set off excessive contraction in pyloric ring and this would be the cause of DGE.[@B35] Based on this theoretical background, Kawai and colleagues[@B36] reported a RCT by comparing the 2 groups that had the pylorus ring removed after PPPD and the control group confirmed that there was a significant difference in the incidence of DGE in the pyloric ring resection group (4.5% vs. 17.2%, *p*=0.0244).

It has been suggested that ischemic damage to the blood vessels of antropyloric region which occurred during the surgery might induce DGE. In other words, the antral-pyloric motility disorder occurred by pyloric sphincter or antral ischemia after the ligation of right gastric artery or gastroduodenal artery, which was performed during the surgery might cause DGE,[@B37] but currently there is no solid information that has supported this argument.

MANAGEMENT OF DELAYED GASTRIC EMPTYING
======================================

Dietary manipulation
--------------------

In the event of delayed gastric emptying, dietary modification is needed for the purposes of treatment. According to the American Gastroenterological Association,[@B38] patients with vomiting symptoms must undergo a differential diagnosis from regurgitation, rumination, and bulimia. If the symptoms have already occurred, efforts should be made to relieve the patients\' anxiety, fear, and depression. In the context of food, patients need to eat small amount of food, on a frequent basis; liquid nutrition (soups) is better than solid nutrition because the ability of gastric emptying tends to be preserved for liquid food; the food that is low in fat and fiber is better because these increase the emptying time; an isotonic food is better than a hypertonic food; and the food that is moderate in temperature (not cold or hot) is recommended.[@B19]

Prokinetic medications
----------------------

Prokinetics plays a role in accelerating gastric contractility, enhancing gastric dysrhythmia, and improving the coordination of antral and duodenal movement.[@B38] The representative promotility agents include metoclopramide, domperidone, and erythromycin. First, in the case of erythromycin, emptying movement is most active during phase III out of a total 4 phases that involve gastric emptying movement in the fasting state. The gastric MMC is initiated in this phase, and the combined motilin receptor with erythromycin, which is a motilin agonist, will further stimulate the gastric emptying movement.[@B39] The dosage must be kept low (1-3 mg/kg/hr), and attention must be given because the long-term use of erythromycin may cause symptoms of abdominal cramps, nausea, diarrhea, and prolongation of the QT interval.[@B40] Several RCTs, which have used erythromycin to prevent the postoperative DGE, include level 1 study that reported a significant reduction of the incidence of DGE,[@B8][@B39] but the effects of erythromycin felt in the clinical environment are not that positive.

Metoclopramide is the only drug approved by FDA for the treatment of gastroparesis. As dopamine D~2~ receptor antagonist, metoclopramide blocks dopamine D~2~ receptor and stimulates 5-HT~4~ receptor to increase the secretion of acetylcholine.[@B41] In addition, it increases lower esophageal sphincter tone, accelerates antral and fundal contractility, and encourages antroduodenal peristalsis. Since it passes through the blood-brain barrier (BBB), it may cause extrapyramidal movement disorders, such as Parkinsonism, tardive dyskinesia, and akathisia, which is a disadvantage of this agent.[@B42] Domperidone is approved in Canada, Mexico, and European countries except in the US, which permits the use of domperidone on an investigational basis, only. Domperidone\'s action mechanism is similar to that of metoclopramide, but it does not pass through the BBB, producing few central nervous system side effects. The effect and efficacy of domperidone are known to be similar to those of metoclopramide.[@B43] Prokinetics and antiemetics should be administered along with domperidone; the symptoms of nausea and vomiting need to be alleviated. Metoclopramide has an antiemetic effect. Besides phenothiazine derivatives, serotonin 5-HT~3~ receptor antagonists, histamine H~1~ receptor antagonists, and benzodiazepines can be used.[@B44] In addition to these medications, endoscopic intrapyloric Botox injection, which is an invasive intervention, is found to be an effective,[@B45] but not a recommended method at present.

Papers recently published by large medical institutions tend to report a relatively lower incidence of DGE. It seems to be that the surgical techniques have been standardized and developed in such a manner as to reduce complications.[@B33][@B46][@B47] Since definitions about delayed gastric emptying are not unified so that different standards are applied by researchers, the direct or indirect comparison of the results impedes the evaluation of DGE. Indeed, the incidence of DGE, when standard surgical technique defined recently by the International Study Group for Pancreatic Surgery (ISGPS) has been applied and was reported to be twice as high as when different standards were applied in other studies.

CONCLUSIONS
===========

There seems to be no preferred method to prevent delayed gastric emptying after pancreaticoduodenectomy. However, some RCTs have reported that preventive administration of erythromycin and an antecolic duodenojejunostomy over transverse colon may contribute to preventing DGE. It is most important to develop and to universalize a standardized surgical technique in a way to reduce factors that are considered to cause DGE after pancreaticoduodenectomy. Moreover, if it is suspected that a delay in gastric emptying occurred after pancreaticoduodenectomy and a differential diagnosis from diseases with similar symptoms via an accurate diagnostic approach should be implemented. Based on these, RCT needs to be carried out through the cooperation of many medical institutions to align the terms and definitions of the delayed gastric emptying after surgery and to develop a unified standard.

###### Summarized definition of delayed gastric emptying (DGE) according to the International Study Group of Pancreatic Surgery (ISGPS)
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POD, postoperative days; UGI, upper gastrointestinal series; CT, computed tomography.
